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viii PREFACE TO THE SIXTH EDITION 


Heat have been introduced, while the section 
Chemical and Physiological Heat have been 
expanded. Throughout the book I have end 
pare away what could be spared, and to add 
flection seemed worthy of introduction, bul 
been previously left out. 

Not the results alone of scientific inqui 
operations of the inquiring mind, are of int 
reader here in view. I have therefore tried 
tendency displayed throughout history, by th 






pm which the expl 
clusions, to be i 





light reposes on the Theory of Undulation, wt 
object of this book to show that thermal phe: 
a similar basis in the Mechanical Theory of H 
On the continent, science leans on the st. 
the State; in England ite advancement must ¢ 
the sympathy of the public. Hence the supre 
ance, in our case, of spreading abroad corr 
regarding its capacities, achievements, and 
practical triumph» of our day are obvious € 





dace work during its passage from a warm body tos cold | 
one. es an 
heat was lost, ‘La production do Ia puissance motrice est 
donc due, dans les machines A vapeur, non & une consom- 
mation réelle du calorique, mais & son transport Tun | 
corps chaud & un corps froid.’ He compares the deacent 
= from s high temperature to a low one to the fall of water 
from a higher to a lower level. ‘La puissance motrice 
f dune chute d'eau dépend de sa hauteur et de la qualité da 
liquide ; 1a puissance motrice de la chaleur dépend ansi 
de Is qualité de calorique employé et de ce qu’on pourrait 
nommer, de ce que nous appellerons en effet, la hauleur 
de ea chute, clest-adire de la diffrence de température 
des corps entre lesquels se fait Féchange du calorique.’ 
Ciansius was the first to disengage from the reasonings of 
Carnot the erroneous assumption that in the production of 
motive power no heat was lost. But from the unpublished 
I notes of Carnot himself abore referred to, it appears that, 
before his death in 1830, be had clearly disentangled his 

mind from his first assumption. 

In these notes be combats the notion of the materiality 
of heat, referring to the experiments of Rumford to prove 
that it isa kind of motion. ‘ Ainsi,’ he says, ‘la chaleur 
est créée par le mouvement. Si elle est une matire, il 
faut admetire que Ia matidre est créée par le mouvement." 
In his day tho undulatory theory of light bad already 
taken root in men’s minds, and Carnot, in those inedited 

i notes, connects that theory with the dynamical theory of 
heat. ‘On regarde aujourd’bui généralement ls lumitre 
comme Ie résultat d'un mouvement de vibration da fluids 
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| @théré. La lomitre produit de la chaleur, ou, au moins, 
elle sccompagne Ia chnlour rayonnante, ct 9° mout ares Is 
méme vitesse qu'elle, La chaleur rayonnante est done un 
mouvement de vibration. II eerait ridicule de supposer 
que c'est une émission de corps, tandis que In lumiére qui 

Teccompagne ne serait qu'un mouvement. Un mouve- 

ment pourrait-il produire un corps? Non, sans doute, il 

‘ne peut produire qu'un mouvement. La chaleur est donc 

le résultat d'un mouvement. Alors il est tout simple 

qu'elle puime se produire par la consommation de puissance 

‘motrice, et qu’elle puisse produire cette puissance.” 

‘The notes are replete with clear and pregnant re- 
‘marks, one or two of the most remarkable of which may 
te here produced. ‘La chaleur n'est autre chose que la 

| puissance motrice, ou plutét quo le mouvement qui a 
“cbangé de forme. C'est un mouvement dans les particules 
des corps Partout ot il y a destruction de puissance 
motrice, il ys, en méme temps, production de chaleur en 
quantité précisément proportionelle & Ia quantité de puis- 
gance motrice détrulte, Réciproquement, partout od il y 
‘a destruction de chaleur, i y « production de puissance 
motrice.’ 

* On peut done,’ he continues, ‘poser en théee générale 
‘qpe Ia puissance motrice est en quantité invariable dans In 
nature, qu'elle n’est jamais, & proprement parler, ni pro- 
duite ni détruite. A la vérité, elle change de forme, c’est- 
Adire qu'elle produit tantét un genre de mouvement, 
tantét un autre; mais elle n’est jamais anéantic.’ 

Carnot appear to have clearly realised the idea of 
gstrict numerical equivalence between heat and motive 
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dans un corpe de pompe Adouble effet et dont Ie piston 
pereé d'une potite ouverture.’ Again :—* Expéri- 
du méme genre sur lagitation du mereure, de 
de Yair et d'autres gaz, Mesnrer la puissance 
et Ia chaleur produits,’ Carnot also refers to 
the expansion of gases as furnishing a means of comparing 
the beat consumed with the work produced, and wice 
‘terse 

With reference to the law of equivalence Monsieur H. 
Carnot, the brother and editor of Sadi Carnot, makes the 
following just remarks :—* Ces lois, Is loi d’équivalence du 
moina, était ignonte de tous, ct de Sadi Carnot lui-méme, 
loraqu’ll compoea eon livre. Elle ee dégagea peu A peu 
dans Ta suite de ses travaux. [1 arrive a Ja concevoir ot & 
Js formuler exactement: se3 notes manuscrites, ses pro- 
| grammes d’expériences ne Iaissent aucun doute A cot égard, 
On sera frappé, en les limnt, de Panilogie qui existe entre 
certaines dea idées qu'il exprime et celles qui ont été plus 
tard déreloppées par Mayer, entre ses projets d'expéri- 
enees et lea expérionces qui ont été réalisées par Joule. 
Ti eat bien entendu que Ia similitude dont nous parlona 
ne diminve en rien le mérite de ces savants, puisquiils 
n’eurent pas connaissance Ges travaur de leur prédéces- 
lous! 
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AYPESDIC>—SOTE Cf THE CONSTWUCTION OF Tit GALYANOMETER. 


: E aspects of Nature provoke in man the spirit of 
inquiry. As the eye is formed to see, and the ear to 

~ hear, so the human mind is formed to explore and under- 
‘stand the basis and relationship of natural phenomena. 
‘A modern discovery illustrates the manner in whi 
‘Our present mastery over nature has boen obtained. 
‘We start with a magnet of infinitesimal power, which 
Bives riso to olectric currents of infinitesimal strength. 
‘These react upon the magnet, exalt its attractive and 
ive forees, thux enabling it to produce stronger 
gurrents, which again react upon and enbance the power 
Gf their source. Thus we rise from an origin too feeble 
to produce the slightest spark or gleam, to an energy 
competent to produce the solar brilliancy of the electric 
light. In a similarly small way the human mind began 
its operations among the powers of Nature; winning 
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first a little knowledge and a little strength, and then 
turning tho knowledge and the strength so won back 
upon Nature, with the view of winning more. Action 
and reaction have thus gone on from prehistoric ages to 
the present time. The result is that stored body of 
scientific knowledge, and that developed power of scien 
tifle investigation, which have revolutionised philosophy, 
and begotten those marvels of practical Science in the 
midst of which we dwell. 

Seventeen years ago, after some tentative trials in 
previous years, I endeavoured to bring one of the most im- 
portant results of this interaction of Man and Nature before 
the members of the Royal Institution, and subsequently, in 
& more permanent form, before the world at large, After 
much etudy of the subject,and much reflection on the 
mode of treating it, I ventured to expound in familiar 
language and by simple experiments, the grounds and 
outcome of the momentous doctrine known as the Con- 
servation of Energy, or the Conservation of Foree, To- 
day we re-enter this great domain, with the view of 
reviving our knowledge and extending its range, 

Whether we regard its achievements in the past, or 
ite promisc in the future, the whole tendency of Physical 
Science is to confirm the dictum of the poet that 


All aro bat parts of ono atupendous whole, 


And the discipline and delight of our present work will con- 

alst, not in the registrution of independent phenomena, but 

in the discovery of bonds and connexions which show 
| the various parts and powers of Nature to be as definitely 

related to each othor asare the organe and processes of the 
living body itself. 


It is my first duty to make you acquainted with some 
of the instruments intended tc be employed in the ex- 
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of red and to the other end a piece of bl 
of you see these pieces of paper, and w 
moves its motion will be clearly visible to t 
person in this room. 

This instrument is called a galuanomet 

At present the needle is quite at rest, 
the zero-mark on the graduated disk under 
shows that there is no current passing. I 
instant against the naked face a of the pile 
of breath is sufficient for my purpose—thi 
off and passes through an arcof 90°. It w 
did we not limit its swing by fixing, ed 
plate of mica at this point. This action i 
the small amount of warmth communicated 
to the face of the pile, and no ordinary 
could give so large and prompt an ind 
notice of the direction of the deflection ; { 
the needle moved from me towards you. \ 
heat waste itself; it does so rapidly, and as 
the needle returns to its first position. Ct 
of metal by placing it on ice, I wipe the mr 
with it the face of the pile. A moment's « 
to produce a prompt and energetic deflectior 
But markthe direction of the deflection. Wh 
warmed, the red end of the needle moved fr 
you; the same end now moves from you tow: 
important point here established is, that fr 
tion in which the needle moves we can, w 
infer whether cold or heat has been commun 
pile; and the energy with which the need 
promptness with which it is driven aside fror 


1 Tn the actual arrangement the galvanometer hero de 
stool ir front of the lecture table, the wires w w being & 
reach from the table to the stool, Fora further description 
woe tho Appendix to this Lecture. 





Bereety caren is a afceatiarihiaahvowd tba od J 
_ be heated. Allowing the noodle to return to zero, an 
applying the saw itself to the pile, it also is proved ho 
‘These belong to the simplest aud most commonplace e 
amples of the genertion of heat by friction, and they a 
chosen for this reason. Humble as they appear, they an 


illustrations of a principle which determines the 
of the whole material universe, 

‘Heat is also produced by compression. Placing a lead 
bullet between the plates of a small hydraulic press, 
squeeze it to flatness, Brought into contact with the 






Jeam that, if we could gathcr up all the heat generated 
by the shook of the sledge, and apply it without Io 
mechanically, we should be able, by means of it, to lift 
hammer to the height from which it fell. 

Another experiment is here arranged, which ix 
too delicate to be performed with our large apparatus, b 
which, nevertheless, ix easily executed with proper instru- 
‘ments. This small basin contains a quantity of mereury 
which bas been cooled in the next room. One of the 
faces of the thermo-clectric pile being coated with a pro 
tective varnish, is plunged into the liquid metal. The) 
deflection of the needle proves that the mercury is cold, 
glnssos, 4 and » (fig. 2), are swathed thickly round 
listing, to prevent the warmth of the hands from 










‘Two 
with 


“COMPRESSION -asn PERCUS. o 


i the mercury. I pour the cold mesonverted inte 
glasses, and then from the one glass ine process to 
‘ts motion Pore 


before me who have stood 

of Niagara, and I have done so myself, 

sufficiently sensitive thermometers into the 

at the top and at the bottom of the cataruet, we 

have found the latter warmer than the former. The 

tradition, also, is theoretically correct; the sea is 

warmer by a storm, the mechanical dash of its 
being ultimately converted into beat.' 


Lnsy *thoorotically correet, beenuse it wold require far more care 

ftzumantal delicney thas appear to havo been invoked, to prove that 

| dlasrved difficonces of teperaturo botween aoa and air were duo 

to mechanical actiow, Neverthelew the tradition is an old on, a 
following quotation proves: 

In one of thove gales on September 12, Dr Ireing tried the tam 
of tho wes in that state of agitation, md found it eoasiderably 
than that of tho atmosphere, This observasion is the mare in- 
‘it agrees with n passage in Platarch’s Natural Qcetians, not 
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the knife decly friction is overcome, heat i: 
through a coloduced is the exact measure 
of the worn overcoming the friction. Tb 
instantly,inal power in another form, and 
be hoptne this conversion, we must abolish ¢ 
¢ Place oil upon the surface of a hone, w 
and we are careful to lubricate the axle 
carriages. What is the real meaning of 
is the object of a railway engineer to urg 
one ‘place to another; and it is not his ir 
any portion of: his force to be appliec 
which would not promote the attainmer 
He does not want his axles heated, and ! 
as much as possible expending his po 
them. He has obtained his force from 
not his object to reconvert by friction 
obtained into its primitive form. For 
temperature generated in his axles, a 
would be withdrawn from his urging forec 
be no absolute loss. Could he gather 1 
generated Ly the friction, and apply it 1 
would, by it, be able to impart to the t 
amount of speed which it had lost by the 
one of those railway 
with his cun of yellow grease, and opening 





porters whom you s 





which surround the carriage axles, is, v 
it, illustrating a prineiple which forms th 
Nature. In the long run, how 
cannot be avoided, All the force of our le 
tually takes this form. To maintain the y 
friction of the train must be continually oy 


sr, the x 





T believe, Lefore taken m 
remarks that the sea becomes warincr by being 1 
"A Voyage to the North Pole, undertaken by hie 
1778, by Constantine Jobn Phipps.’ 





of, oF eumfirmed hy exp 











ext in the wheels, axles, and rail 
with regard to the greasing of a saw by a 
‘He applies his force with the express object 
ting through the wood. He wishes to overcome 
eal cobesion by the tecth of his saw, and when it 
iy, the same amount of effort may produce a 
effect than when the implement moves 
friction. Butin what senso smaller? Not abso- 
but amaller as regards the act of sawing. ‘The 
expended in sawing ie misapplied, not lost; it ia 
vlinto heat. Here again, if we could collect the 

dered hy the friction, and apply it to the urging 

we should make good the preciss amount of 
thie carpenter, by neglecting the lubrication of 
at, had simply converted into auother form 


warm our hands by rubbing, and in cases 
we thus restore animation to the injured 
friction a lucifer-match is raised to the tem 
gre of ignition. In the common flint and steel the 
) of the metal struck off are 40 much heated by 
ion that they take fire and burn in the air. But 
precedes the combustion. Hooke proved this; 
found that when a gunlock with a flint was 

inged tn vacuo, no sparks were produced, but the 
ticles of stec} utruck off, when eximined under the 
i pe, showed sigus of fusion.* Before the safety- 
was invented the workers in our coal-mincs derived 
heir light from showers of sparks, generated by the friction 


§ Robert Julius Mayer, lntely deconsed. 
© Works of Sir H. Davy, vol. ti. p. 8. 
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of flint against the edge of a swiftly rotating steel whi 
the sparks having been considered incompetent to ignite 
‘fire-damp.’ Aristotle refers to the heating of arrows 
the friction of the air; and the most probable theor 
shooting stars is that they are small planetary boc 
revolving round the sun, which being caused to swe 
from their orbits by the attraction of the earth, are rai 
to incandescence by friction against our atmosph« 
Chladni propounded this view and Dr. Joule has c 
firmed it by calculation. He may, moreover, be corr 
in believing that the earth is spared bombardment throt 
the breaking up of our aérolites by heat.’ These boé 
move at planetary rates. The orbital velocities of the f 
Interior planets are as follows: 


‘Milan per Becond, 
Mercury. . . . . + 8040 
Venus a . . . . - 2906 
Earth . . . . . + 1801 
Mara. . . . * . + 1632 


while the velocity of the agrolites varies from 18 to 
miles a second. The friction engendered by this er 
mous speed is no doubt competent to produce the effi 
ascribed to 
Knowing the velocity and weight of any project 
we shall subsequently learn how to calculate the amo 
of heat developed by the destruction of its moti 
For example, knowing as we do the weight of 
earth and the velocity with which it moves thro: 
space, a simple calculation enables us to state the ea 
amount of heat which would be developed, suppe 
the earth to strike against a target strong enoug 
stop its motion. We could tell, for example, the nu: 
of degrees which this amount of heat would impa 
a globe of water equal to the earth in size, } 






4 «Philosophical Magazine’ 4th Series, vol. xxii. p. 249. 
















hour the inhebitante of Tierra del Fuego employ t 
atones, the one a hard flinty pebble, tho other a lump 
iron pyrites. The stones are before you, and when th 
are thas brought into sharp collision, heated particles 
struckoff from the pyrites, which combine with the a 
spheric oxygen and hang as red sparks for a sensible in! 
val in the air. 

Friction, however, is the skilful savage’s ordinary 
source. Before you is a slab of dry oak, with gri 
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stick of mahogany. Thies is what Mr, Tylor calls ‘ 
stick and groove muchine” It is casy to produce smol 
with it, but it is mot easy to produce fre. Mr. Darwit ” 
tried his hand on it at Tahiti. ‘The fire,’ be says, ¢ wal 

Fi. 8. prodnced in a few seconds; but 
to a person who does not um 
derstand the art, it requires t! 
greatest exertion, as I foun 
before at last, tomy grout pride, 
TI succeeded in igniting tho 
dust’ The Gaucho of 
Pampas presses the blunt end: 
an olastic stick about eight 
inches long againat hia br 
and the other end, which 
pointed, into a hole in a pi 
of wood. Bending the stick 
the pressure of his body, 
seizes the curved part, turns it rapidly round, and thus 
duces fire. In Australia and Tasmania fire is evoked 
shown in fig. 8 by the rapid twirling of a pointed sti 
between the palms. In the case of the Esquimaux, ont 
person presses the end of a stick against a piece of 
while a socond, by means of o thong, produces a rapid 
and-fro rotation, thereby evoking fire. 


tn 
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above the cork the tube is bent at a right angle, and in its 
horizontal portion rests a short column of coloured liquid 
1, which is to serve as our index. Placing this portion of 
the narrow tube in the beam of an electric lamp, a 
magnified image of the index and the adjacent tube is cast 
upon a sereen, Through the wires connected with a and 
B we now send a current from a single voltaic cell, causing 
it first to pass from antimony to bismuth across the junc- 
tion at 3. The index 1 immediately moves towards the open 
end of the narrow tube, proving the air within the globe 


Fro. 14, 





to be expanded, or, in other words, heat to be developed by 
the passage of the current. 

‘We now suddenly reverse the latter, causing it to flow 
from bismuth to antimony across the junction. The index 
1 not only returns to its first position, but passes beyond it 
towards the anglo formed by the tube. This retrocession 
of the index is due to the contraction of the air or, in 
other words, to the lowering of the temperature within 
the bulb, The experiment may be repeated any number 


/ 
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that consumed at the other junction. It is this excess of 
consumed heat that has been transmuted into the electric 
current that moved the needle, that tapped the mica, and 
that warmed the galvanometer coil. To use Mayer's simile, 
the whole process might be compared to one of distillation, 
where water after its conversion into steam passes from a 
boiler to a distant condenser, and reassumes there its primi- 
tive liquid form. The heat communicated to our pile may be 
figured as distilling into the subtler electric current, which 
latter is, as it were, recondensed to heat at a distance from 
its source. And, as in the case of real distillation, the 
liquid withdrawn as vapour from the boiler is found, as 
liquid, without loss in the condenser, so the heat consumed 
by our current at the warm face of the thermo-pile, is 
found undiminished, as heat, in the other portions of the 
circuit.' 

* Peltier’s result, which was reproduced in a striking manner by Lens, 
is exhibited in » variety of forms in a brief peper in the ‘Philosophical 
‘Magasine? 1853, vol. iv. p. 419. 
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APPENDIX TO LECTURE L 


NUTE ON THE CONSTRUCTION OF THE GALVANOMETER 

‘The existence and direction of an electric current are shown, 
by its action upon a freely suspended magnetic needle, 

But such a needle is held in the magnetic meridian by the 
magnetic force of the earth. Hence, to move a single needle, 
the current must overcome the magnetic force of the earth. 

Very feeble currents are incompetent to do this in a euffi- 
ciently sensible degree. The following two expedients are, 
therefore, combined to augment the action of such feeble 
currents: 

‘The wire through which the current flows is coiled, so as to 
surround the needle several times; the needle must swing 
freely within the coil. The action of the single current is thus 
multiplied. 

The second device is to neutralise the directive force of the 
earth, without prejudice to the magnetism of the ueedle. This 
is accomplished by using two 
needles instead of one, attach- 
ing them toa common vertical 
stem, and bringing their oppo- 
site poles over each other, the 
north end of the one necdle and 
the south end of the other being 
thus turned in the same direc- 
tion. Tho double needle is re- 
presented in fig. 15. 

It must be so arranged that one of the needles shall be 
within the coil through which the current flows, while the 
other needle swings freely above the coil, the vertical connes® 


\ 


Fro. 15. 
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LECTURE II. 


MATURE OF HEAT—VINWS OF BACON, DESCARTES, DOYLE, HOOKE, XEWTON, 
‘ULE, LOCKE, AND RUMFORD—RUMFORD'S BXPERIMENTS ON THE FRIO 
‘TION OF TRON—DAVY'S EXPERDIENTS ON THR FRICTION OF ICR 





APPRNDIX:—EXTRACTS FROM BACON. 


IHE development of heat by mechanical action was 
illustrated by suitable experiments when ‘we last 
assembled here. But experimental facts alone cannot 
satisfy the mind: we desire to know the cause of the 
fact; we search after the principle by the operation of 
which the phenomena are produced. Why should heat bé 
generated by mechanical action, and what is the real 
nature of the agent thus generated? History shows us 
two different philosophical schools trying to account for 
natural phenomena; the one resorting to speculation, 
the other to observation and experiment. The two 
schools, however, were not mutually exclusive, for the 
former required at least some of the data of observation 
to build upon, while the latter invoked the aid of specula- 
tion when the cement of principles was required to unite 
observed facts. In our day the school which emphasises 
experience has gained the upper hand. It is a common 
statement, indeed, that in investigating nature we cannot 
transcend experience, and properly qualified, the state. 
ment is true. Our conceptiors of natural phenomena and 
their causes are founded op, but. they are not: bounded by, 
wersible experience, The cternally-falling atoms of Ep 
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one-half the capacity for heat that liquid water 
yof beat which would raise a pound 
s in temperature would raise a pound of 
degrees, Further, simply to liquefy a 
., ani (uormous amount of beat is necessary, thie 
lat being so utterly absorbed or rendered ‘latent’ as to 
make no impression upon the thermometer. The ques- 
tion of ‘latent heat’ shall be fully discuseed in its proper 
place: what I am desirous of impressing on you at 
present is, that, taking the materialists on their own 
ground, liquid water, at its freezing temperature, pos- 
vastly greater amount of heat than ice at the same 
temperature. 

Davy reasoned thus: ‘If I, by friction, liquefy ice, 
a substance will be produced which, according to the 
material theory, contains a far greater absolute amount of 
Tn this case, it cannot with any show 
of reason be affirmed that I merely render sensible heat 
which lid been previously inscusible in the frozen mass. 
Liquefaction will conclusively demonstrate a generation of 
new heat.’ He made the experiment, and liquefied the 
ive hy pure friction, ‘The experiment has been justly re- 
unded as fatal to the material theory,! 
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* Davy's experiment was in some measure anticipated by Sir Thomas 
Brown," Iseuludoxia Epidenies,’ Book Il elp. i. ‘Again the eoneretion of 
iw will not cudure a dey attrition without Tigustion, for if it be rubbed 
Jong with 9 ebuth it melteth 

Thoms Yinng saw clearly the significames of the foregoing resulta 
sivl concliled that the experiments of Rumford and Davy afforded ‘ar 
uisunsweralle eunfutation” of the material theory of heat, ‘There ia 
sliwenative’ he euntends, “but to allow that heat must be actually 
zewersted hy friction, . . . If heat be adda, ‘be not a substance, it must 
be a quality: and this quality can only le a motion” Cavendish took the 
saine viow. Maxwell, * Theory of Heat page 7 
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APPENDIX TO LECTURE II. 





EXTRACTS FROM THE TWENTIETH APHORISM OF THE 
SEOOND BOOK OF THE‘NOVUM ORGANUM’ 


Wuen I say of motion that it is the genus of which heat is a 
species, I would be understood to mean, not that heat 
generates motion, or that motion generates heat (though both 
are true in certain cases), but that heat itself, ita essence and 
quiddity, is motion and nothing else; limited, however, by 
the specific differences which I will presently subjoin, as soon 
as I have added # few cautions for the sake of avoiding 
ambiguity... . . 

Nor, again, must the communication of heat, or its transi- 
tive nature, by means of which a body becomes hot when a 
hot body is applied to it, be confounded with the form of 
heat. For heat is one thing, and heating isanother. Heat is 
produced by the motion of attrition without any preceding 


Heat is an expansive motion, whereby a body strives to 
dilate and stretch itself to a larger sphere or dimension than 
it had previously occupied. This difference is most observable 
in flame, where the smoke or thick vapour manifestly dilates 
and expands into flame. 

It is shown also in all boiling liquid, which manifestly 
swells, rises and bubbles, and carries on the process of self- 
expansion, till it turns into » body far more extended and 
dilated than the liquid itself, namely, into vapour, smoke, 
or air. 


‘The third specific difference is this, that heat is a motion 
ef expansion, not uniformly of the whole body together, bat 
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in the smaller parts of it; and at the same time checked, 
repelled and boaten back, so that the body acquires a motion 
alternative, perpetually quivering, striving and straggling, 
and irritated by repercussion, whence springs the fary of fire 
and heat. 

Again, it is shown in this, that when the air is expanded 
in a calender glass, without impediment or repulsion, that is 
to say uniformly and equably, there is no perceptible heat. 
Also when wind escapes from confinement, although it burst 
forth with the greatest violence, there is no very great heat 
perceptible; because the motion is of the whole, without 
motion alternating in the particles. 

And this specific difference is common also to the nature of 
cold; for in cold contractive motion is checked by a resisting 
tendency to expand, just asin heat the expansive action is 
checked by a resisting tendency to contract. Thus, whether 
the particles of a body work inward or outward, the mode of 
action is the same. 


Now from this our first vintage it follows, that the form 
or true definition of heat (heat that is, in relation to the 
universe, not simply in relation to man) is, in a few words, 
as follows: Heat is a motion, expansive, restrained, and acting 
in its atrife upon the smaller particles of bodies, But the ex- 
pansion is thus modified: while it expands all waye, it has at 
the same time an inclination upwards, And the struggle in 
the particles is modified aleo; if is not sluggish, but hurried 
and with violence." 


+ Bacon's Werks, vol, iv.: Spedding’s Translation. 
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which does not minister to the purposes of combustion. The 

of combustion is diluted by a substance which takes 
its heat, and yields no xeturn. T take from the fire a piece 
of half-burnt coal, and urge aguinst it from this iron bottle, 
in which the gas is compressed, a stream of pure oxygen. 
Tt burns with dazzling splendour, Tn a suitable fame T 
heat @ diamond to vivid redness, and plunge it rapidly 
into a jar of oxygen. It glows there like a pure white 
star, A properly propared fragment of coke is not to be 
distinguished in this respect from the diamond; both of 
them are carbon, and in oxygen they behave alike. 

Tt is not, however, necessary that the oxygen should 
be presented to the carbon in the form ofa gas: combustion 
‘ulso take place when the oxygen is xo locked up by other 
bodies as to form a solid. Gunpowder, for example, 
carries its own store of solid oxygen, In saltpetre we 
have a large quantity of the substance combined with 
nitrogen and potassium. Behind me, over a gus-flame, is 
‘a basin containing fused saltpotre. Throwing into the 
dish a fragment of the ignited bark charcoal, with which 
Faraday loved to operate on account of the beauty of 
ite scintillations, « miniature yoleano of sparks is the 
consequence, > 

How are we to present to our minds the burning of a 
dinmond in oxygen? T have alrendy briefly alluded to the 
theory which pictures meteorie masses raining down upon 
the sun, and generating by their collisions solar light and 
leat, Reduce the sun, in idea, to the magnitude of onr 
diamond, and the meteoric masses to the magnitude of 
our atoms of oxygen, and you have an image of what 
occurred a moment ago in this jar. The diamond is 
& cloely packed assemblage of carhon atoms, between 
which, when beated, and the surrounding oxygen there is 
exerted an enormous attractive force. Urged by thie fores, 
upon every carbon atom the oxygen atoms precipitate 
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to the bottom of a vessel into which we breathe. But if 
the breath be chilled by sending it through a metal tube 
which passes through cold water, the carbonic acid may 
be collected in an open jar. A single expiration from the 
lungs suffices to fill a good-sized jar with the gas, which 
immediately quenches a lighted taper. 

I have named the carbonic acid of our bodies ‘rust,’ 
and the reason I have done so is, that it is produced by . 
the oxidation of carbon, as iron rust is produced by the 
oxidation of iron. ‘This latter process is exactly unalogous 
to the slow combustion within the animal frame; and 
when the heat thus produced is prevented from wasting 
itself, it may rise to destructive intensity. By such heat, 
in all probability, the first Atlantic cable was rendered 
useless, In 1861, the Messrs. Siemens had charge of the 
Rangvon and Singapore telegraph cable. Suspecting the 
injury that might accrue from heat, they had placed in the 
heart of each cable-coil an instrument capable of indi- 
cating any exaltation of temperature. The surmised in- 
crease vecurred, the temperature augmenting daily by 
about 3° Fabr. A temperature of 86° was at length 
shown within the coil, when the outside temperature 
was only 60° The cable would have been inevitably 
destroyed in the course of a few days, if the generation of 
heat had been allowed to continue unchecked. The cable 
was cooled by pouring water at a temperature of 42° 
Fahrenheit upon the top of the coil. It issued raised to 
72° t the bottom. 

Casting a backward glance over the series of actions - 
here illustrated, we first figure the mutually attracting 
atoms apart, then rushing together, and acquiring whflgy 
ing the insensible interval which separates them the 
velocity with which they strike cach other. That this 
velocity is enormous is proved by the amount of heat which 
it generates, Thia shall Le made clearer by-and-by 





eros 



































‘act. mm. COMBUSTION OF AIR IN COAL-GAS. 67 





supposes such blocks, diminishing gradually in size, to be 
vtrewn over the mountain—large below, moderate at. the 
middle height, and dwindling to sand grains at the top. 
A amall bird touches with ita foot a grain on the summit ; 


Fro. 22, 








it moves, sets the next larger grains in motion, these again 
let loose the pebbles, these the larger stones, these the 
blocks; until finally the whole mountain side rolls violently 
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‘The matter of the human body is the same as that of 
the world around us; and here we find the forces of the 
human body identical with those of inorganic nature. 
Just: as little as the Voltaic battery is the animal body a 
creator of force. It is an apparatus exquisite and effeo- 
tual beyond all others in transforming and distributing 
the energy with which it is supplied, but it possesses no 
creative power.! 

+ ‘The foregoing paragraphs are extracted from ‘ Fragments of Sclemos,’ 
6th edition, vol. ii p. 248, 
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by using a rocker with a wider groove. Placing such a 
rocker upon the lead, as before, it fills the room with a 
clear full note. Its taps are periodic and regular, and 
so rapid that they have linked themselves together to pro- 
duce music. 

These singular vibrations and tones are an effect of 
expansion, Whenever the hot metal comes into contact 


Fro, 36, 





with its lead carrier, a nipple suddenly jute from the 
latter, being produced by thetheat communicated ta tae 
lead at the point of contact.’..“Fhe. rocker is, thus. tilted 
up. Some other point of it comes, immedistely into 
contact with the lead, a fresh nipple is formed, and the 
rocker is again tilted. Let a (fig. 37) be the surface of 


Fro. 87. 


PS Ne 


the lead carrier, and R the cross-section of the hot rocker. 
Tilted to the right, the nipple is formed as at n; tilted to 
the left, it is formed as at 1, the nipple in each case dis- 
appearing as soon as the contact with the rocker ceases. 
The consequence is, that while its temperature remains 
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In this, as in the former case, the square of a, and much more 
the cube of a, may be neglected, on account of their exceeding 
smallness; we then have the volume of the expanded cube 
=148a; 

that is to say, the cubic coefficient of expansion is found by 
trebling the linear coefiicient. 

The following table contains the coefficients of expansion 
for a number of well-known substances : 


Copper. . 0:000017 0000051 -——0:090051 
Lead . . + 0-000029 0:000087 0000089 
Tin. . . 0000023 0000068 ~= 0000069 
Iron. . —. 0:0000123  0:000087 «(0000087 
Zine. . . 00000204 0.000088 ~=—0-000080 
Glns. . —. 0-000008 += -000024 += 0-000024 


The first column of figures gives the linear coefficient of ex- 
pansion for 1° C.; the second column contains this coefficient 
trebled, which ought, if the foregoing statements be correct, 
to be the cubic expansion of the substance, This is checked by 
the third colamn, which gives the cubic expansion as deter- 
mined directly by Professor Kopp. It will be seen that Kopp's 
coefficients agree almost exactly with those obtained by the 
trobling of the lincar coefficients. 
The linear coefficient of glass for 1° C. ia 
00000080. 
That of platinum is 
00000088. 


nce glass and platinum expand nearly alike. This is of the 
greatest importance to chemists, who often find it necessary 
to fuse platinum wire into their glass tubes. Were the co- 
efficients different, the fracture of the glass would be inevit- 
able during the unequal contraction. 
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from four tosix atmospheres. By the evaporation of the 
liquid carbonic acid a cold of —130° was produced. A 
strong tube, surrounded by an envelope of this temperature, 
was connected with an iron vessel containing the materials 
necessary for the generation of oxygen. The gas being 
liberated entered the chilled tube, where it became more 
and more subjected to its own pressure. The method, it 
will be observed, is substantially that which Faraday and 
Davy bad pursued with chlorine and muriatic gas, the aim 
of M. Pictet being to liquefy the oxygen by self-compres- 
sion. Ata pressure of 470 atmospheres with a tempera- 
ture of —130°, the deportment of the oxygen showed that 
it must have been liquefied. Hydrogen was subsequently 
liquefied by the same process. It is impossible not to 
admire the penetration, the ardour, and indeed the courage 
displayed by M. Raoul Pictet in conducting this memorable 
experiment.* 


The cause of this lowering of temperature will be set forth in a future 


+ A telegram announcing his reeult was received by me.from M. Racal 
Pictet on Christmas morning, 1877. 
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Fix your attention upon the water at the point a, 
where the temperature is within 2° C. of the boiling point. 
Call to mind the lifting of the column when the detona- 
tions are heard. Let us suppose that by the entrance of 
steam from the ducts near the bottom of the tube, the 








geyser column is elevated six feet, a height quite within 
the limits of actual observation ; the water at a is thereby 
transferred to B. Its boiling point at a is 123-8°, and its 
actual temperature 121-8°; but at B its hoiling point is 
only 120-4°; hence, when transferred from a to 3, the 
heat which it possesses is in excess of that necessary to 
make it boil. This excess of heat is instantly applied to 
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fantastic incrustations on the cistern walls; while, at the 
bottom, is often seen the mouth of the once mighty 
geyser. There are in Iceland traces of vast, but now 
extinct, geyser operations. Mounds are observed, whose 
shafts are filled with rubbish, the water having forced a 
passage underneath and retired to other scenes of action. 
‘We have, in fact, the geyser in its youth, manhood, old 
age, and death, here presented to us, In its youth, as a 
simple thermal spring; in its manhood, as the eruptive 
column ; in its old age, as the tranquil Laug; while its 
death is recorded by the ruined shaft and forsaken mound, 
which testify the fact of its once active existence. 


18 
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needed to produce the glaciers is an improved condenser ; 
‘we cannot afford to lose an iota of solar action; we need, 
if anything, more vapour, but we need a condenser so 
powerful, that this vapour, instead of falling in liquid 
showers to the earth, shall be eo far reduced in tempera- 
ture as to descend in snow. The problem, I think, is thus 
narrowed to the precise issue on which its solution depends. 
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The direction of transmission, in these cases, was from 
the interior surface of the bark outwards, 
The average deflection, produced by a cube of wood, 
when the flux is lateral, may be taken at 
12°; 
a cube of rock-crystal of the same size, produces a defleo 
tion of 





There are the strongest experimental grounds for 
believing that rock-crystal possesses a higher conductive 
power than some of the metals. 

The following numbers express the transmissive power 
of a few other organic structures: 


‘Tooth of walras + 16 


‘Tusk of East-Indian Stepiant eo AT 
Whalebone . - oe eo 
Rhinoceros hora a ae See 
Cow's horn : 9 


The point is capable of still ‘further’ illustration. 
Fach of the substances mentioned in the following table 
being reduced to the cubical form, was submitted to an 
examination, similar in every respect to that of wood 
and quartz. While, however, a cube of the latter sub- 
stance produces, as above stated, a deflection of 90°, a 
cube of 


Sealing-wax produc 1 deflection of . 
Sole leather 
Boes'-wax.  « 
Glue . 

Gutta-perba . . we 
Indin-rubber éF. aot 
Filbert-kernel « . sew 
Almond-kernl. . ew 
Boiled ham-muscle . . . we 
Raw real-musele 


Esea canoes 


The substances here named are animal and vegetable 
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dispersed ultimately go? It is manifestly given up to 
the sides of the cylinder, and if we narrow our cylinder, 
we simply hasten the transfer. The process of narrowing _ 
may continue, till a narrow tube is the result—the con- 
vection between centre and sides will continue, and pro- 
duce substantially the same cooling effect as before. The 
heat of the gas being instantly lowered, by communication 
to the heavy tube, it is prepared to re-abetract the heat 
from the wire. With regard, also, to the vessel heated 
at the top, it would require a surface mathematically 
horizontal, and a perfectly uniform application of heat to 
that surface—it would, moreover, be necessary to cut the 
heat sharply off, so as to prevent the least propagation 
down the sides of the vessel—to prevent convection. 
None of these conditions were secured. Even in the in- 
terstices of the eider down and cotton wool, the convective 
mobility of hydrogen will make iteelf felt, and, taking 
everything into account, I think the experimental question 
of gaseous conduction is still an open one. 
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could not propagate iteclf through a vacuum. I wish to 
make manifest to you the conveyance of the vibrations of 
sound by the air, and cmploy for the purpose a flat bell, 
turned upside-down, and supported by a stand. Whena 
fiddle-bow is drawn neross the edge of the bell you hear 
its tone; the bell is now vibrating, and when sand is 
‘thrown in it arranges itself upon the bottom go as to form 
adefinite figure. If the bell were filled with water, we 
should have the surface fretted with beautiful erispations. 
‘These would show that the bell, in emitting this note, 
divides itself into four swinging parts, separated from 
each other by lines of no swinging. When a sheet of 
tracing-paper, drawn tightly over a hoop, 80 as to form a 
kind of fragile drum, is passed round the bell, the mem- 
brane burste into a musical roar when brought within half 
‘an inch of the vibrating surface. The motion of the bell, 
communicated to the air, bas been transmitted to the mem- 
brane, and the latter is thus converted into@ sonorous body. 

The two plates of brass, a n (fig. 81), are united 
together by a metal rod. The plates have heen darkened 
by bronzing, and on both of them is strewn a quantity of 
fine white sand. I take the connecting brass rod by its 
centre, between the finger and thumb of my left hand, 
and holding it upright, draw, with my right, a piece of 
flannel, over which a little powdered resin has boon shaken, 
along the rod. You hear the sound; but observe the 
behaviour of the sand: a single stroke has caused it 
to jump into a series of sharply defined concentric rings 
visible to you all. The vibrations here impurted to the 
rod have communicated themselves to both the disks, and 
divided each of them into a series of vibrating segments, 
separated from each other by lincs of no vibration, on 
which the sand finds peace. 

The transmission of these vibrations, from the lower 
disk through tho air, is now to be rendered evident, On 
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state of the case. The pile is a warm body, but in the 
last experiment, the heat which it lost by radiation was 
more than made good by that received from the hot flask 
above. Now the case is reversed ; the quantity which the 
pile radiates is in excess of the quantity which it receives, 
and hence the pile is chilled ;—the exchanges are against 
it, its loss of heat is only partially compensated—and the 
deflection due to cold is the necessary consequence.’ 


1 The vertical arrangement of the conjugate mirrors is due to Davy, 
who ulso suspended an iron cage with burning charcoal in the focus of the 
upper mirror, In an excellent maguzine, published in Glasgow when I was 
8 youth, I first read an account of Davy’s experiments; and to the present 
hour I remember the yenrning which took possession of me to be, like him, 
a natural philosupher. I had little notion at the time that I should ever 
work with the very instruments the description of which had so fired my 
young esthusisem. 






































































‘Thus, we see that by diminishing the thickness of the 
plate from 2-6 to 0-07 millimetres, the quantity of heat 
transmitted rises, in the case of the lamp of Locatelli, 
from 39 to 77 per cent.; in the case of the incandescent, 
platinum, from 24 to 57 per cent.; in the cass of copper 
at 400° C., from 6 to 34 per cent.; and in the case of 
copper at 100° C., from absolute opacity to a transmission 
of 12 per cent. 

‘The influence of the thickness of a plate of selenite on 
the quantity of heat which it transmits, is exhibited in the 
following table :— 





| ‘Frananhalove by Belle of torent Wicdnome: perventage 














‘These experiments prove conclusively that the absorption 
_ of heat takes place within the body, and is not a surface 
action. 

‘To reach its maximum, radiation must also come from 
a certain depth. Beginning, for instance, with a thin 
layer of varnish on a metallic surface, Rumford found the 
radiation augmented by the application of a second and a 
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wards resumed until the heating-power ceased to be 
distinct. At every halting-place the deflection of the 
needle was noted. Calling the maximum effect in each 
series of experiments 100, the column of figures in the 
following table expresses the heat of all the other parts 
of the spectrum :-— 


Duramorion or Har mt Sracrzow py Exzorsio Lior. 


Movement of pile Calero intensity 
Before starting (pile in the blue). . 0 
‘Two turns forward (green entered) . 2 
” . . . . 5 
oat an 28 
i (red entered) =. 1 
a (extreme red). 45 
Halftumforwad. . . «60 
” ee + 
® ap ti vis ey APE 
” AD Ik hy “G88 
" Face A) 08; 
Quarter turn forward, maximum .  . 100 
ey Bid, Gh lk ae Oe 
‘Half turn forward. . . . + 8 
” . . 62 
, . . » 46 
” . . . » 
‘Two turns forward . . . ty 
” . . . . . 9 
" fgg ie ae OE 
» ar Ges 5 
” DW . . + 2 
. . 2 


Here, as already stated, we begin in the blue and pase 
first through the visible spectrum. Quitting this at 
the place marked ‘extreme red,’ we enter the invisible 
calorific spectrum and reach the position of maximum heat, 
from which, onwards, the thermal power falls till it practi- 
cally disappears. 

More than a dozen series of such measurements were 








fart. xv. THERMAL SPHCTRUM SHOWN GRAPUICALLY 





Fo. 18, 





133 


Tharme! Spectrum of Electric Light: 
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junction with the marvellous sensitiveness of the eye, leads 
to the conclusion, that long before the light of our signals 
ceases to be visible, their radiant heat has lost the power 
of affecting, in any sensible degree, the most delicate 
chermoscopic apparatus that we could apply to their 
detection. 
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there, which should polarise the sunlight on its entrance 
into our atmosphere, the particles producing the colour of 
the sky would act precisely like those of our ineipient cloud. 
In two directions we should have the solar light reflected ; 
in two others unreflected. In fact, out of such a solitary 
beam, traversing the unilluminated air, we should be able 
to extract every effect shown by our incipient cloud. In 
the production of such clouds we virtually create bits of 
sky in our laboratories, and obtain with them all the 
effects obtainable in the open firmament of heaven. These 
experiments, and others that might Le cited, render. it 
certain that the blue of our firmament is that of light 
scattered by mechanically suspended particles. 


Nora—Though not strictly belonging to heat, the subject of atomie 
motion is so strikingly illustrated by the researches referred to in the fore 
going lecture, that I thought it desimble to introdnes some scsout of 
them bere, 













































































836 HEAR A MODE OF MOTION. LET. X11 


recognises incessant transference or conversion, but neithi 
final gain nor loss. The energy of Nature is a constai 
quantity, and the utmost man can do in the pursuit : 
physical truth, or in the applications of physical knowledg 
is to shift the constituents of the never-varying tote 
sacrificing one if he would produce another. The law: 
conservation rigidly excludes both creation and annihil 
tion. Waves may change to ripples, and ripples to wav: 
—magnitude may be substituted for number, and numb 
for magnitude—asteroids may aggregate to suns, sui 
may invest their energy in flor and faunm, and flor ar 
fauns may melt in air—the flux of power is eternally tt 
same. It rolls in music through the ages, while tl 
manifestations of physical life, as well as the display: 
physical phenomena, are but the modulations of i 
rhythm. 

























Chemistry, he says, deals with the q 
which matter undergoes undee 
the form of the matter, and not its amount, being subject 
tochange. What chemistry dova for ee | 
do for force. Tho force is as unchangeable: 
and the function of physics is to ip eee 
forms, and to ascertain the conditions of its metamorphoses 
‘This, he says, is the only problem with which natural 
philosophy has any concern, for the creation or annihilae 
tion lof foros fa not only unrealimble but obthinkebiana 
For thousunds of years, he continues, men have em- 
ployed the powers of inorganic nature to obtain mechanical 
effects. But to the ancient forces of moving air and of 
falling water a new force has been added in modern times: 
—the force of Acat, This also may be converted into 
mechanical effect. If to a train weighing 100,000 Ibs. a 
velocity of 30 foet a second is to be imparted, this may 
be accomplished by permitting the train to roll down an 
incline until the required velocity has been attained, 
‘Trains, however, move without nny such exercise of 
tating force, and, despite the friction of their parts, they 
are kept in motion, Let this friction be supposed equiva 
lent to a rising gradient of | in 150, then, with a velocity 
of 30 feet a second, the weight of the train will be lifted 
720 fect in an hour, which corresponds to the work of 
about forty-five horses, ‘This large qnantity of work 
implios the expenditure of an equal amount of power, and, 
ja the ease of the locomotive, the power expanded ia heat. 
In the working steam-engine there is an absolute low 
of heat. The quantity of heat imparted to the steam 
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‘by our planct into epace in the 
would soon bring its surface to the 
But the light of the sun is an incossamt 
is the sun’s light converted into heat 
sphere fn sootian, mastng, the waters eieee ae nraa 
the rivers to flow. The heat generated by frietion in the 
wheels ond axles of our wind- and water-mills has bea 
tent to our planet from the sun in the form of 
motion. 
‘The principles of vital dynamics are noxt tra 
foundation. Nature, continues Mayer, undertakes | 
‘of storing up the light which streams 
densing the moet volatile of all powers into a rig 
and thus preserving it for our uso. She has orerspread 
the earth with organisms which while living | beige! 
them the solar light, and by the 
energy generate incessantly chemical forces soe 
organisms are planis. ‘The vegetable world constitutes 
the reservoir in which the fugitive solar rays are 
deposited, and rendered ready for useful application. 
With this economical provision the existence of the human 
race is also inseparably connected. The reducing action 
exerted by solar light on both inorganic and organio 
substances is well known. This reduction takes place 
most copiously in full sunlight, less copiously in the shade, 
being entirely absent in darkness, and even in eandle- 
light. ‘The reduction is a conversion of one form of energy 
into another—of mechanical effect into chemical tension. 
The time does not lie far behind us when it was a 
subject of contention whether, during life, plants possessed 
the power not only of changing und rearranging the 
chemical elements, but even of creating them. Facts and 
experiments seemed to favour this notion, but more 
accurate investigation has proved it tobe untrue, We 
now know that the sum of the materials approprinted and 
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absurd. And with regard to Professor Helmholts, it ia my 
daty to state that neither directly nor indirectly has he ever 
sought to bring an influence inimical to Mayer to bear 
upon me. 

Professor Clausius has also been represented as an- 
tagonistic to Mayer, but his own reply to this scousation is 80 
conclusive as to render it unnecossary for me to supplement 


it by a single word, 
Jous Traps, 
Feirwery, 1890. 
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Air, saturated with moisture, calo- 
rifle absorption by, 379 

ami. table of absorption by, at 

different pressures, 382 

— distinction Letweon clear and 
dry. 389 

+ from the lunge, its ealorifie ab- 
sorption, 415 

—— — —amoant of carbonie acid 
in, determined, 415 

—causo of slow nocturnal cooling 
of, 498 

Alcohol, expansion of, by heat, 
shown, 103 

— evaporation of, produces cold, 
197 

powerfal absorber of heat, 401 

Alum, powerful absorption aol ra- 
distion of, 311 

— luminous mys transmitted by, 320 














= alorptive power of, 464 
America, extreme cold of east coast 
of, 218 


Ammonia, powerful absorption of 
heat hy, 347 

Amyl, nitrite of, action of short 
‘wavex of ethor upon, 478, 482 

Ancient elaciers, evidences of, 228 

Angular velocity. of reflective ra 
explained, 286 

Animal body, the, viewed as « 
machine, 85 

Animal sulstances, table of condue- 
tire power of, 
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England, 213 

= — precipitation of, less, on nat 
‘coast of Ireland, 213 

—— we of, in our climate, 213, 
385, 417 


— — definition of, 873 





—— absorption of. in air obtained 
from varions pices, 381 
ctinns to experiments on, 
answered, 376, 278, 381 
‘cause of copious precipi 
of, in tropics, 383 
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— — Livingstone’s observations ot 





tions on, 389 

— Leslie's observations on, 391 

absorbs same class of rays 

water, 417 

Arterial blood, character of, 532 

Artificial sky,'489 

‘Anbeatos, causo of bail conduction o 
heat by, 258 

Asin, cntse of coldness of contra 
parte of, 883, 

Asteroida, amount of hsat develope 
by collision of, with sun, 519 
Atmosphere, amount of aqueva 

‘vapour in, 374 
—aetion of aqueous vapour in, o 
radinnt heat, 874, 380 
— use of aqueous Yupour in, 385 
— absorption of solar heat by, $17 
—its influence on temperature ¢ 
the planeta, 417 
Atmospheric it, radiation of het 
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— cirenlation, 266 

Atomic forces, power of, 106, 180 

— motion, how propagated, 116 

—osvillations of a body increase 
by heat, 182 

— constitution, influence of, on al 
sorption of heat, 348 

— vibrations, 471 

Atoms, cullision of 
oxygen, 62 

— when separated, heat consume: 
182 

— enormous attractions of, 106, 1€ 

— absorb and emit same ‘rays, 6¢ 

—entering into tho formation + 
molecules, 471 

— forces in vperation between ever 
two atoms, 472 

Aauro of the sky, 483, 485 


carbon an 





ACON, extract from 2nd book « 
Novum Orgagum, Appendix | 

Lecture I1., 49° 

is experiment on the compre 

sion of water, 181 
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Heat, action of ozone, 362 

— absorption or radiation of « gas 
or vapour, determined without 
external heat, 367 

—abeorption of, by aqueous vapour, 
375 





volatile liquids, 302 

— radiation from flames, 409 

—— by the human breath, 415 

—of low rofrangivility converted 
into higher, 418, note 

bution of, in spectrum of 

eloctric light, 432 

— nocturnal radiation of, the cause 
of dew 498 

— amount of, generated by collision 
of meteors with the sun, 619 

— developed by friction ‘of udal 
wave, 565 

— source of this heat, 619 

—Sir W. Thomson's’ statement of 
the chomical action necessary to 
produce the wun's heat, 520 

—amount of heat equivalent to 
the rotution of the sun, and 
the revolution of the planets, 
523 

—rays, invisible, experiments on, 
451 

— terrestrial sources of, 558 

Height, influence of, on combustion, 
64 

Helmholtz, his calculation of the 
heat that would bo developed by 
stoppage of earth's motion, 11 

— his remarks on the exhaustion 
of the mechanical energies of our 
system, 624 

Herbs, nromatic, action of their 
‘odours on radiant heat, 361 

Herschel, sir William, his di 
corery of the obscure rays of the 

trum, 280, 426 

—Sir John, his determination of 
the heating powor of the solar 
spectrum, 435 

—— —his mexsuremente of solar 
radiation, 614 

——— traces terrestrial nergy 
to tho sun, 526 

Hiro, M, his experiments on the 
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Humboldt, on the cold of Centr’ 
Asia, 385 

‘Huyghens, his theory of light, 274 

n, combustion of, 59 

— collision of atoms with oxygen 
62 

— velocity of its particles, 117 
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— expenditure of heat in liquefy 
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artificial fiarmation of, by nue 
turnal radiation, 500 

— this theory supplemented, 601 
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Pioneers of Science in America. 


Sketches of their Lives and Scientific Work, Edited and 
revised by Wittiam Jay Youmans, M.D. With Portraits. 
Bvo. Cloth, $4.00. 


“A wonderfully interesting volume. Many a young ran will find itfascinat 
‘The compilation of the book isa work weil dong, well worth the doing. —Phide 
yew one, the doing. 





“One of the most valuable contributions to American literature recently made. 
... . No better or more inspiring reading could be placed in the hands of am intelli: 
gent and aspiring young man."—New Pork Christian Work, 


“A valuable handbook for those whose work runs on these same lines, and is 
likely to prove of lasting interest to those for whom ‘ies documents Amaia” are 
second only to history in importance-—nay, are vital part of histry.”—Beeion 








nly a useful and convenient volume, and readable t00, if we judy 
correctly of the accuracy of the whole by critical examination of those cases in 
‘which our own knowledge enables us to form an opinion, . Tn general, st scema 
To'us that the handy volume is specially to be commended for setting im just hie- 
torical perspective many of the earlier scientists who are neither very generally nor 
Very well known." —Wew Vork Evening Fork 








Pioneers of Evolution, from Thales to Huxley. 


By Epwarp Ctopp, President of the Folk-Lore So- 
ciety ; Author of “The Story of Creation,” “ The Story of 
‘Primitive’ Man,” etc, With Portraits. rzmo. Cloth, $1.50. 


sminoy rirly and temperate, Above allt is entirely free from 
personal partizanship."—London Academy. 


“A very useful guide to the lives and Iabors of leading evolutionists of the past 
and present, Especially serviceable is the account of Mr. Herbert Spencer and his 
share in rediscovering evolution, and illustrating its relations to the whole field of 
human knowledge."—London Lilerary World. 


“The mass of interesting material which Mr, Clodd has got together and woven 
Into a symmetrical story of the progress from ignorance and theory to knowledge 
and the intelligent recording of fact is prodigious. . . - An important contribution 
tora liberal ed Landon Daily Chronicle. 


“We are always gad to meet Mr, Clodd He is never dull; he is always well 
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rowth of the goetrine of evolution. by. men like Wallace, Darwin, Huxley, and 
Spencers © We commend the book to thoae who want fo know what evolution 
really mean” Londow Timer, 





D. APPLETON AND COMPANY, NEW YORK 
a 














ELECTRICITY AND MAGNETISM. 








Elementary Treatise on Natural Philosophy. 


By A. PRIVAT DESCHANEL, formerly Professor of Physics in 
the Lycée Louisle-Grand, Inspector of the Academy of Paris. 
Translated and edited, with extensive modifications, by J. D. 
Everett, Professor of Natural Philosophy in the Queen’s College, 
Belfast. Complete in Four Parts. Illustrated by 783 Engravings 
fon Wood and 3 Colored Plates, I. Mechanics, Hydrostatics, and 
Pneumatics. vo, cloth, $1.50. II. Heat. —8vo, cloth, $1.50. 
Ill, Electricity and Magnetism. 8vo, cloth, $1.50. IV. Sound 
and Light. 8vo, cloth, $1.50. Latest revised edition. 
Electricity—Part III of Everett's Deschanel—has been expanded on the 
lines of modern electrical theory. Hence Part III forms a new and 
modern text-book of electricity—the need for which, in view of the great 
vance in electrical science, has been long apparent to every teacher. 


Electricity. 

The Science of the Century. A Sketch for General Readers. 
By E. M. CAILLARD, author of “The Invisible Powers of Nature.” 
Mlustrated. 12mo. Cloth, $1.25. 

An admirable treatise, giving such an outline of modern electrical 


science 
as may be readily understood by readers who have no previous acquaintance 
with the subject. 





The Story of Electricity. 


By JouN Munro, C.E. (Library of Useful Stories) 16mo. 
Cloth, 35 cents net ; postage, 4 cents additional. 


A Popular Exposition of Electricity. 


With Sketches of Some of its Discoverers. By MARTIN S. 
BRENNAN. 16mo. Cloth, 75 cents. 


Lessons in Electricity, at the Royal Institution, 
1875-'76. 


By Prof. JOHN TYNDALL. 12mo. Cloth, $1.00. 


A. series of experimental lessons involving the use of apparatus 0 sim 
and inexpensive as to be within everybody's reach ; the author's aim being to 
make his readers acquainted with the history, facts, and principles of the 
science of electricity and to teach them how to work at it. 
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THE PERENNIAL CONFLICT. 








The Warfare of Science with Theology. 


A History of the Warfare of Science with Theology in 
Christendom. By ANpRew Dickson Wuirz, LL.D. (Yale), 
L. H.D. (Col), Ph.D. (Jena), late President and Professor 
of History at Cornell University. 2 vols. 8vo, Cloth, $5.00. 

“ Able, scholarly, critical, impartial in tone and exhaustive in treat- 
ment.” —Boston Advertiser. 

“The most valuable contribution that has yet been made to the 
history of the conflicts between the theologists and the scientists."— 
Buffalo Commercial, 

“A work which constitutes in many ways the most instructive review 
that has ever been written of the evolution of human knowledge in its 
conflict with dogmatic belief."—Boston Beacon. 


“The same liberal spirit that marked his public life is seen in the 
pages of his book, giving it a zest and interest that can not fail to secure 
for it hearty commendation and honest praise.”"—Philadelphia Public 
Ledger. 

“Such an honest and thorough treatment of the subject in all its 
bearings that it will carry weight and be accepted as an authority 
in tracing the process by which the scientific method has come to be 
supreme in modern thought and life.”—Beston Herald, 





“The story of the struggle of searchers after truth with the organ- 
ized forces of ignorance, bigotry, and superstition is the-most inspiring 
chapter in the whole history of mankind. That story has never been 
better told than by the ex-President of Cornell University in these two 
volumes,""—London Daily Chronicle, 








“It is graphic, lucid, even-tempered—never bitter nor vindictive, 
No student of human progress should fail to read these volumes, 
While they have about them the fascination of a well-told tale, they 
are also crowded with the facts of history that have had a tremendous 
bearing upon the development of the race."—Brooklyn Eagle. 
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Collected Essays. 


By Tuomas H. Huxtey. New complete 
edition, with revisions, the Essays being 
grouped according to general subject. In 
nine volumes, a new Introduction accom- 
panying each volume. 12mo. Cloth, $1.25 
per volume. 


Vol. 


I. Methods and Results. 
Il. Darwiniana. 
III. Science and Education. 
IV. Science and Hebrew Tradition. 
V. Science and Christian Tradition. 
VI. Hume. 
VII. Man’s Place in Nature. 
VIII. Discourses, Biological and Geological. 
IX. Evolution and Ethics, and Other Essays. 


«Mr. Huxley has covered a vast variety of topics during 
the last quarter of a century. It gives one an agreeable surprise 
to look over the tables of contents and note the immense territory 
which he has explored. To read these books carefully and 
studiously is to become thoroughly acquainted with the most 
advanced thought on a large number of topics.”"—New York 
Herald. 
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SPENCER'S SYNTHETIC PHILOSOPHY. 
12mo, cloth, $2.00 per volume, . 








NEW EDITION OF 


First Principles. 
By Hrnazer Sraxcen. New and revised (sixth) edition of the 
first volume of the author’s Synthetic Philosophy. 

This fundamental and most important work has been changed in 
substance and in form to a considerable extent, and largely: rewritten 

1d wholly reset. It is now forty years since the ‘began the 
“ First Principles,” and its presentation in this definitive form, with 
the author's last revisions, is an event of liar interest and conse- 
quence. While experience has not caused him to recede from the gen- 
eral principles set forth, he has made some important changes in the sub- 
stance and form. His amendments of matter and manner are now final 








The contents of the several volumes of the series are as follows: 
x. First Principles. I. The Unknowable. II. The Knowable. 
2, The Principles of Biology. Vol. r. I. The Data of Biology. 
II. The Inductions of Biology. III. The Evolution of Life. 
3. The Principles of Biology. Vol. 2. IV. Morphological Devel- 
V. Physiological Development. VI. Laws of Mul- 











4 The Principles of Psychology. Vol. 1. I. The Data of 
Psychology. II. The inductions of Psychology. III. General 
Synthesis, IV. Special Synthesis, V. Physical Synthesis. 

5. The Principles of Psychology. Vol. 2. VI. Special Analysis. 
VII. General Analysis. VIII. Congruities. IX. Corollaries, 

6. The Principles of Sociology. Vol. 1. I. The Data of Soci- 
logy. 11: The Induetions of Sociology. II]. The Domestic 
Relations. . 

7. The Principles of Sociology. Vol. 2. IV. Ceremonial Insti- 
tutions. V. Poljtical Institutions. 

8, The Principles of Sociology. Vol. 3. VI. Ecclesiastical In- 
stitutions, VII. Professional Institutions. VIII. Industrial 
Institutions. 

9 The Principles of Ethics. Vol. 1. I. The Data of Ethics 
TL, The Inductions of Ethics, T11. The Ethics of Individual 

ife. 5 

10, The Principles of Ethics. Vol. 2. IV. The.Ethics of Social 
Life : Justice. V_ The Ethics of Social Life : Negative Benefi- 
cence. VI. The Fihics of Social Life: Positive Beneficence. 
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“Destined to take rank as one of the two or three 
most remarkable self-portrayals of a human life ever 
committed to posterity: 

—Fr H. Giddings, LL.D., in the Independent. 














An Autobiography by Herbert Spencer. 


With Illustrations. Many of them from the 
Author's Own Drawings. Cloth, 8vo. Gilt Top. 
Two vols. in a box, $5.50 net. Postage, 40 cents 
additional. - 


“It is rare, indeed, that a man who has so profoundly influenced the 
intellectual development of his age and generation has found time to 
record the history of his own life, And this Mr. Spencer has done so 
simply, so frankly, and with such obvious truth, that it is not surprising 
that Huxley is reported as having said, after reading it in manuscript, 
that it reminded him of the ‘Confessions” of Rousseau, freed from every 
objectionable taint."—Wew York Globe. 


“ As interesting as fiction? ‘There never was a novel so interesting 
as Herbert Spencer's ‘An Autobiography'."—Wew York Herald. 


“It is rich in suggestion and observation, of wide significance and 
appeal in the sincerity, the frankness, the lovableness of its human note.” 
—New York Mail and Express. 


“The book, as a whole, makes Spencer's personality a reality for 
us, where heretofore it has been vaguer than his philosophical abstrac 
tions."—John White Chadwick in Current Literature. 


In all the literature of its class there is nothing like it. It bears 
the same relationship to autobiographical productions as Boswell’s * Life 
of Johnson’ bears to biographies."— Philadelphia Press. 


“This book will always be of importance, for Herbert Spencer was 
a great and original thinker, and his system of philosophy has bent the 
thought of a generation, and will keep a position of commanding interest.” 

—Joscph O'Connor in the New York Times, 


“Planned and wrought for the purpose of tracing the events of his 
life and the growth of his opinions, his autobiography does more than 
that, It furnished us, half unconsciously, no doubt, a more vivid por- 
traiture of his peculiarities than any outsider could possibly provide. 
We pity his offdial biographer! Little can be left for him.” Here we 
have Spencer in habit ashe was.”—New York Evening Post. 
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